Purpose The purpose of the study is to determine the efficacy of hepatic artery embolization (HAE) as a therapy for gastrointestinal stromal tumor (GIST) in patients who are refractory to imatinib and sunitinib. Methods After institutional review board approval, a retrospective review revealed 11 patients with GIST metastatic to the liver who underwent 15 HAEs between February 2002 and May 2013. These patients were stratified into two groups according to the previous treatment: (a) those treated with HAE as second-line treatment after failing first-line imatinib (n=3) and (b) those treated with HAE as third-line therapy after failing first-line imatinib and second-line sunitinib (n= 8). Initial therapeutic response, overall survival (OS), progression-free survival (PFS), and safety were evaluated. Results Initial therapeutic response rates at 3 months after HAE were 27.3 % (95 % confidence interval (CI), 6.0-61.0 %) by Response Evaluation Criteria in Solid Tumor (RECIST) version 1.0 and 45.5 % (95 % CI, 16.7-76.6 %) by modified RECIST (mRECIST). The median OS and PFS after HAE were 14.9 and 3.9 months in group A and 23.8 and 3.4 months in group B, respectively. No procedure-related mortality or major complication was observed. Conclusions HAE is an effective and well-tolerated therapeutic option for GIST liver metastases. Although larger studies are necessary, HAE should be considered as an alternative or adjuvant to third-line or even second-line systemic treatment.
Introduction
The liver is the most common site of metastasis from gastrointestinal stromal tumor (GIST), and 20-60 % of metastases occur in the liver [1, 2] . Moreover, the extent of involvement of the liver by metastases is a major determinant of patients' survival [2] .
The current standard of care for metastatic GIST (mGIST) recommends imatinib as the first-line therapy [3] . Imatinib therapy is limited by primary resistance to the drug in approximately 10-15 % of patients [4] ; moreover, 80 % of patients eventually develop disease progression driven by secondaryresistance mutations located in additional c-kit exons [5] . Sunitinib is considered to be the standard second-line therapy after the failure of imatinib [6] [7] [8] [9] . The primary resistance rate of sunitinib is more than 50 %, with a lower survival benefit [6] [7] [8] [9] . Therefore, another therapeutic option to manage mGIST patients who are refractory to imatinib and sunitinib has been anticipated.
Hepatic artery embolization (HAE) and transarterial chemoembolization (TACE) are useful therapeutic options in the treatment of hypervascular liver tumors, and some studies have shown favorable results using TACE for GIST liver metastases [10] [11] [12] ; nonetheless, there are few studies that evaluate the efficacy of HAE [13] , and none that evaluated the role of HAE after the use of modern systemic treatment regimens. Thus, the clinical role of HAE in the treatment of GIST liver metastases remains unclear. In this study, we evaluated the efficacy and clinical role of HAE therapy in mGIST patients refractory to imatinib and sunitinib.
Methods

Patients
Under an institutional review board (IRB) waiver, a retrospective review of all patients who underwent HAE between February 2002 and May 2013 was performed to identify patients treated for GIST metastasis.
Eleven patients with characteristics summarized in Table 1 were included. There were six males (54.5 %) and five females (45.5 %), with a mean age of 58.0±11.6 years (range, 41-76). The primary site of GIST was the stomach in eight patients (72.7 %), the ileum in one patient (9.1 %), the duodenum in one patient (9.1 %), and the retroperitoneum in one patient (9.1 %). The histological diagnosis of GIST was established according to the World Health Organization Classification of Tumors by expert pathologists [14] . In all patients, HAE was performed because the control of liver metastasis was considered mandatory to prolong patient survival. Decision to perform HAE was made by a multidisciplinary team including surgeons, oncologists, and interventional radiologists.
All patients received imatinib therapy as a first-line treatment of liver metastasis. These 11 patients were divided into two groups according to the previous treatment (Fig. 1) . Three patients (27.3 %, group A) received HAE as the second-line therapy after the failure of first-line imatinib because the liver was only the site of metastasis at that time (n=2), and it was considered as the major determinant of survival (n=1). The other eight patients (72.7 %, group B) received HAE as the third-line treatment after the failure of both first-line imatinib and second-line sunitinib. All patients underwent routine physical examinations, laboratory tests, and imaging studies such as chest radiography, abdominal pre-contrast and contrast-enhanced dynamic computed tomography (CT), or magnetic resonance (MR) imaging before HAE (Fig. 2) .
Hepatic Artery Embolization
Routine hepatic angiography was performed via the common femoral artery with a 4-or 5-Fg angiographic catheter to identify hepatic arterial anatomy, lesion location, and feeding arteries. Feeding arteries that supplied the target lesion(s) were catheterized as selectively as possible with the use of microcatheters. Embolization was performed by using Embosphere® Microspheres (40-120 or 100-300 μm; Biosphere Medical, Rockland, MA,USA), Bead Block® (100-300 μm; Biocompatibles, Farnham, UK), or Embozene® Microspheres (100 μm; CeloNova BioSciences, San Antonio, TX, USA) per user preference. The endpoint of embolization was complete stasis of antegrade blood flow in the feeding arteries. In five patients, after initial embolization with one of these agents, polyvinyl alcohol (PVA) (100 μm) was used to achieve complete stasis. If multiple lesions were present in the liver, and it was not possible to perform the embolization selectively, lobar embolization was performed. For patients with bilobar tumors, staged procedures were performed within 3 months to avoid increased toxicity from whole-liver 
Follow-up
Follow-up included routine physical examinations, laboratory examinations, and imaging studies. Contrast-enhanced multiphase CT or MR imaging were performed at 1 and 3 months after HAE and subsequently every 3-6 months after the procedure.
Assessment
In this study, initial therapeutic response, overall survival (OS), progression-free survival (PFS), and safety in each treatment group were evaluated.
Initial therapeutic response was evaluated based on Response Evaluation Criteria in Solid Tumor (RECIST) version 1.0 and modified RECIST (mRECIST) [15, 16] , at 1 and 3 months after HAE by two radiologists (H.T. and F.C.). OS time was defined as the time from the first HAE to the date of death or to the date of last follow-up for patients who were alive at the time of writing this manuscript. PFS was calculated from the date of first HAE to the date of disease progression, date of death, or date of last follow-up for patients without disease progression. Patients' medical records were reviewed for up to 30 days after each embolization to capture complications. Complications were graded according to Society of Interventional Radiology (SIR) guidelines [17] . A major complication is defined as an event that required therapy, increased level of care requiring hospital admission or substantially lengthened Fig. 2 Images of GIST metastatic to the liver in a 76-year-old man. a Axial contrastenhanced CT scan shows a liver metastasis with a maximum diameter of 3.9 cm in the anterior segment of the liver. b Three months after HAE, tumor size decreased and can be replaced to non-enhancing area The median PFS times were 3.9 months in group A and 3.4 months in group B, respectively. HAE hepatic arterial embolization, OS overall survival, PFS progression-free survival hospital stay, or caused permanent damage or death. All other complications were considered minor.
Statistical Analysis
Comparison between each group was conducted using MannWhitney's U test for continuous variables and Fisher's exact test for categorical variables. The cumulative OS and PFS curves were generated using the Kaplan-Meier method (Fig. 3) . A P value <0.05 was considered statistically significant. All statistical analyses were performed with software (SAS, release 9.1; SAS Institute, Cary, NC, USA).
Results
Initial Therapeutic Response
The initial therapeutic response rates were, respectively, 27.3 % (95 % confidence interval (CI), 6.0-61.6 %) based on RECIST and 45.5 % (95 % CI, 16.7-76.6 %) based on mRECIST (Table 2) . When initial therapeutic responses were stratified according to each patient group, response rates of groups A and B were, respectively, 33.3 % (95 % CI, 0.8-90.6 %) and 25.0 % (95 % CI, 3.2-65.1 %) based on RECIST and 33.3 % (95 % CI, 0.8-90.6 %) and 50.0 % (95 % CI, 15.7-84.3 %) based on mRECIST. There were no significant differences of response rates between the two groups (P>0.99).
Overall Survival
During the mean follow-up period of 17.9±6.9 months (range, 7.5-28.1 months), 10 patients (90.9 %) died. Causes of death were cancer progression in all patients. The cumulative 6-month and 1-year OS rates were, respectively, 100 and 66.7 % (95 % CI, 5.4-94.5 %) in group A and 100 and 75.0 % (95 % CI, 31.5-93.1 %) in group B. The median OS was 14.9 months in group A and 23.8 months in group B.
Progression-Free Survival
Tumor progression was found in the liver in 10 patients (90.9 %) and pelvis in one patient (9.1 %) after HAE. Cumulative 6-month and 1-year PFS rates were, respectively, 33.3 % (95 % CI, 0.9-77.4 %) and 0 % in group A and 37.5 % (95 % CI, 8.7-67.4 %) and 12.5 % (95 % CI, 0.7-42.3 %) in group B. Median PFS times were 3.9 months in group A and 3.4 months in group B, respectively. When PFS times were calculated by focusing on the progression of liver disease, median PFS times were 3.9 months in group A and 5.8 months in group B, respectively.
Complications
Most patients had elements of self-limited post-embolization syndrome that lasted for a median of 3 days (range, 1-7 days), including pain, fever, nausea/vomiting, and fatigue as is expected after HAE [18, 19] . There was no procedure-related mortality or major complications after HAE. RR response rate, RECIST Response Evaluation Criteria in Solid Tumor, OS overall survival, PFS progression-free survival, HAE hepatic artery embolization
Discussion
Results of our study show that HAE may provide promising survival results in patients with GIST liver metastasis after the failure of imatinib and sunitinib. Currently, regorafenib is the only drug approved by the Food and Drug Administration (FDA) in the USA, in cases where both imatinib and sunitinib failed or caused severe side effects, but the beneficial impact of regorafenib is limited [20] . In a phase 3 study, median PFS time of patients who received regorafenib after the failure of first-line imatinib and second-line sunitinib was reported to be 4.8 months [21] ( (Table 3) , respectively. The use of HAE in the treatment of GIST has been previously described; however, its use in the face of recent chemotherapeutic agents has not been assessed [13] . To our knowledge, this is the first report of HAE in the management of GIST hepatic metastasis progressive while on imatinib and sunitinib. Given the favorable OS and PFS results in this study (median OS time, 23.8 months; median PFS time, 3.4 months), HAE could be an alternative or adjuvant therapeutic option for the treatment of GIST liver metastasis in patients with liver progression, while on firstline imatinib and second-line sunitinib. This of course needs to be validated in larger studies. In three patients who received HAE as second-line treatment after the failure of first-line imatinib, the median OS and PFS times were 14.9 and 3.9 months, respectively. This is comparable to the previous studies (14.1-25.0 months and 5.3-8.4 months) in which sunitinib was used as second-line treatment after the failure of first-line imatinib [6] [7] [8] [9] (Table 4) . These results suggest that HAE can be considered even as a second-line treatment, if liver metastases are considered as the determinant of survival, a common scenario in patients with liver-only or liver-dominant disease.
It is interesting that OS of patients who received HAE after both first-and second-line treatments (group B) did better than those who received first-line treatment alone (group A). One explanation is that group B had better baseline demographics than group A, including small tumor size and less tumor number, leading to better survival, although no significant differences were observed.
Traditionally, TACE had been the preferred transarterial treatment for unresectable liver metastases of GIST [10] [11] [12] . Response rates of TACE for the treatment of GIST liver metastases have been reported to be 14.1-54.5 % by RECIST [10] [11] [12] . GIST is known to be a chemotherapy-resistant tumor, and the effects of chemotherapeutic agents used for TACE are unproven. The antitumor effects of this procedure could be primarily due to the ischemic effect of embolization. Indeed, the response rate in this study was, 27.3 % by RECIST and 45.5 % by mRECIST, comparable to the results previously reported with TACE [10] [11] [12] . No patients developed major complications after HAE in this study, whereas up to 12 % of moderate to severe adverse effects had been reported after TACE [10] . Given that therapeutic responses are similar between TACE and HAE, and lack of chemotherapy-related adverse events, HAE therapy could be considered as a firstline therapy in the management of GIST liver metastasis.
Our study has some limitations, namely, the small patient number and retrospective nature without any control arm. Despite these limitations, our encouraging results suggest the need for further comparative studies of HAE with standard systemic therapy for GIST liver metastases.
In conclusion, HAE is an effective and well-tolerated therapeutic option for GIST liver metastases. Although larger studies are necessary, our study suggests that HAE may be considered as an alternative or adjuvant to third-line or possibly even second-line systemic treatment and should be the hepatic arterial therapy of choice.
